(Security rltfiticmlion ol llll: body ol mbtlrarl »nd indttint »nnolmlion musl br tnfred wh»n III» overall ttpott It clm»»HI»d) 1 ABSTRACT yj e j^yg developed a random walk model of interstitial diffusion of light impurity atoms in a host lattice of heavy atoms in the presence of a thermal gradient, To take account of the effect of the thermal gradient on the flux of impurity atoms . we,-introduce a bias in the jump direction of the interstitial impurity. We assume, that this bias is due to the temperature dependence of the excluded volume effects which arise during the jump of the impurity atom between interstitial sites. The resulting random walk equation for thermal diffusion is consistent with both positive and negative heats of transport in agreement with experimental data. Using a cell model approach and the assumption of local equilibrium, we then develop equations which permit the calculation of the bias in jump direction. The theory of interstitial diffusion developed here clarifies and supports the classic Wirtz model for interstitial thermal diffusion.
I. INTRODUCTION
The dynamics of diffusion in a crystalline solid maintained at constant temperature is fairly well understood at the present time. Both the fl-3) simple random walk models and the recently developed "dynamical"
theories " give much insight into the process of diffusion and produce at least qualitative agreement with experiment. For the more complicated problem of diffusion in solid subjected to a temperature gradient, the theoretical
(7)
description is less satisfactory. In order to be able to examine in some detail the physical basis of the parameters in a random walk model for thermal diffusion we decided to study a particularly simple system. The system we chose is that of interstitial diffusion under the influence of a thermal gradient of a dilute solution of light impurity atoms in a stationary host lattice of heavy atoms.
-
. In order to describe the isothermal diffusion of impurity atoms via an interstitial mechanism we make the following assumptions: (a) the light impurity atoms diffuse in a stationary host lattice of heavy atoms, (b) the impurity atom concentration is sufficiently low that interstitial lattice sites on either side of a given interstitial impurity atoms can be taken as unoccupied and that we can work with concentration rather than activities, i.e.
In order to develop the relevant random walk equations we consider first interstitial diffusion in an isothermal
the system is ideal, (c) the diffusion is one dimensional (in cubic crystals diffusion in the three normal directions can be treated independently).
Consider now two interstitial planes 1 and 3 which are a distance a apart. (See Figure 1. ) Let the number of impurity atoms per unit area on plane 1 be n(l) and on plane 3 be n(3). The total jump rate T, which is assumed to be a function of temperature only, is defined so that n(l)r(l) gives the total number of atoms per second per unit area jumping from plane 1 to planes on both sides of 1. We wish to consider the net flux J of impurity atoms across the host lattice plane 2 between interstitial planes 1 and 3. This is clearly given by
where P R (1) represents the probability on a given jump that an atom on plane 1 will jump to the right and where P,(3) is the probability of an atom on plane 3 jumping to the left. Right and left refer respectively to jumps toward positive or negative x in Figure 1 . In the isothermal case jumps to the right and left are equally probable so P R (1) = p i ( 3 ) ' j and tlie J um P rate IXT) is the same in planes 1 and 3. Equation (2.1) then becomes J(2) = ±|n(l) " n^l HT) (2.2).
Since n(lj = ac(l), where 0(1) is the number of atoms per unit volume around plane 1 we can write
We assume that the concentration is a slowly varying function " x over the range of the jump distance £ and write
Equation (2.3) now takes the form of Pick's first law of diffusion:
We can then identify the empirical diffusion constant Ü(T) in Pick's first law
Thus, as is well known, the isothermal jump rate r(T) can be determined from measurements of the diffusion constant D(T) over a range of temperatures.
B. Diffusion in a Temperature Gradient
We consider now the efftct of imposing a temperature gradient across the crystal. The host lattice diffusion is assumed to be negligible and a well-defined tempei'ature distribution T(x) is therefore established which can be defined in terms of the mean square oscillations of the host lattice atoms around their equilibrium positions. In a given experimental situation, this temperature gradient could either be measured by appropriate probes or calculated by Pourier's law. A local temperature T. s T(x.) and local temperature gradient AT(xJ at plane 1 can be defined by
We assume that the total jump rate F for the impurity atoms on plane 1 in the presence of a temperature gradient AT is a function of T. and AT, such that when AT =0 the jump rate is that of an isothermal system at temperature T. . We expand F in a Taylor where W(T)AT gives the bias in the jump direction to first order in AT due to the effects of the temperature gradient on the host lattice. Analogously
where we assume the temperature increases in the positive x direction. From
Eqs. (2.1), (2.10) and (2.11) we now find for the flux across plane 2
12).
Note that the r(T) refer to the jump rates in an isothermal system (at temperatures T. and T_ respectively) and that, to first order, the effect of the temperature gradient shows up only in the W's. Wc take AT. = AT_ since the temperature gradient cannot change significantly over distances of the order of a lattice spacing. Also since W(T)AT is already first order in AT we can set W(TJAT = WCT^AT in Eq. (2.12) to obtain 
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live quantity -the total jump rate F certainly increases as the temperature is increased, and experimental measurements confirm that the diffusion constant is an increasing function of the temperature. We would also expect, in 
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We then finally obtain from Eq. for the heat of transport. Equation (5.4) predicts that the heat of transport is always less than the activation energy AE and indeed obeys the stronger inequality iQj ^ AE (5.5).
This latter result has been criticized since negative heats of transport,
larger in magnitude than Aü, have been observed experimentally, 
